Introduction {#sec1-1}
============

Nasal septum deviation is the most common nasal deformity that can be congenital or acquired abnormality. The prevalence of nasal septal deviation based on computer tomography (CT scan) is reported to be 40% \[[@ref1]\]. There was a *relatively high prevalence* of nasal deviation, and its possible complications include sinusitis, nasal obstruction, meningitis, cavernous sinus thrombosis (CST), etc.

Nasal septum deviation and its complications in the early stages are visible in the imaging and can be easily treated at this stage \[[@ref2]\]. The temporal bone consists of three parts, and the bone segments are separated at birth, and then combined into a single bone. The mastoid is a part of the temporal bone that lies behind the ear and at birth is a cavity at the centre of the bone, but within 2 years, many air cells develop in the mastoid by a process termed pneumatization. Compression of mastoid cells begins at the thirty-third week of pregnancy and continues until the age of 9-8.

The *mastoid antrum* is an air space at the petrous part of the temporal bone, which reaches their adult maturity at the 35th week of pregnancy \[[@ref3]\]. Full development of pneumatization can be divided into three stages: the period of childbirth from birth to two years, the transitional period from 2 to 5 years and adulthood \[[@ref4]\]. There are two theories about the pneumatization of mastoid air cells. The first theory, "genetic theory", emphasises on the genetical extent of pneumatization. The "environmental theory" is based on the fact that pneumatization of mastoid air cells depends on postnatal pathologies and involvement of the middle ear, where the pneumatization can be decreased via middle ear inflammation or tubal dysfunction.

According to this theory, any factor that changes the pressure of the middle ear is effective in the level of pneumatization of mastoid air cells. For example, a deviation of nasal septum causes a change in the amount of air passing through the nose. Regarding the relationship of the nasopharynx to the middle ear through the Eustachian tube, this change in the airflow rate causes a change in the pressure of the middle ear and therefore affects the pneumatization of the mastoid \[[@ref6]\], \[[@ref7]\].

Due to the proximity of the mastoid with the middle ear, middle ear infections can easily inflammation mastoid and cause some degree of mastoiditis associated with middle ear infections. Several studies have been conducted to determine the relationship between middle ear disease and *mastoid air* cell *system*.

High air in the *mastoid air* cell *system* is a dangerous factor for the development of multiple diseases of the middle ear \[[@ref8]\]. Ear diseases during infancy and early childhood can stop the normal flow of air into the mastoid. This process may cause problems in the *mucous* membrane of the *ear*, which will make it more susceptible to recurrent infections than normal ear. Most patients with chronic suppurative otitis have a small, cell-free *mastoid* in temporal bone radiography.

*Chronic* suppurative *otitis media* is one of the most common chronic infectious diseases all over the world, which affects not only developing societies but also industrial societies \[[@ref9]\].

In spite of many studies on the effect of nasal septum deviation on chronic sinusitis and association of mastoid pneumatization with chronic otitis media, few studies have been conducted regarding the effect of nasal septum deviation on mastoid pneumatization or chronic otitis media, while its impact has not been proven yet.

Therefore, the current study was aimed to determine the effect of nasal septum deviation with pneumatization of mastoid cells and its possible association with chronic otitis media.

Material and Methods {#sec1-2}
====================

This prospective cross-sectional study was conducted at Imam Ali Hospital in Zahedan between 2016 and 2017.

The study population included all paranasal sinuses (*PNS*) scans and mastoid views, which were archived in the imaging section. The inclusion criteria were the presence of *deviated septum* in radiography films. Exclusion criteria were: 1- Presence of history of nasal sinus, middle ear and mastoid surgery, 2- the presence of nasal polyp, 3- presence of cleft palate or other congenital anatomical disorders \[[@ref12]\]. The sample size was determined as 50 people in each group. Finally, 150 people were enrolled in this study.

The *nasal deviation direction* and *the angle of septal deviation (ASD)* in coronal sections were recorded, which showed the maximum deviation of nasal septum. The *NSA* was defined as the angle between a line drawn from the crista Galli to the lower portion of the nasal septum in the maxillary spine and another line drawn from the upper nasal septum in the crista Galli to the most deviated point of the nasal septum. The patients were divided into 3 groups based on the *ASD*: 1- Mild (less than 9). 2-medium (between 15-9). 3. Severe (more than 15), \[[@ref13]\].

The volume of mastoid cells was measured directly and automatically by measuring 3 diameters (two coronal diameters and one axial diameter) via certain program which is briefly called the 3DMPVR (*three-dimensional multiplanar rendering technique*), \[[@ref14]\]. The size of the mastoid cells is defined as the volume of the air cells in the aditus and *antrum* located in the mastoid part of the temporal bone. Criteria for the definition of chronic otitis media in this study were: 1- bone destruction or sclerosis in the temporal bone, 2- massive fluid or structural changes in the temporal air cells \[[@ref4]\].

Following the above-mentioned measures, the relationships between *ASD* and pneumatization of mastoid and chronic otitis were investigated.

In this study, data collection form was used to record variables. This form was completed on the basis of the information in the patient records. The data collection form included various variables such as age, sex, ASD, presence or absence of mastoid pneumatization, the volume of mastoid cells and chronic otitis media. Using *GE* Light Speed 16 Slice *CT Scanner*, PNS and mastoid View were visualised based on coronal and axial sections.

Data analysis {#sec2-1}
-------------

Statistical analysis was performed using *SPSS 22 software*. Descriptive statistics were used to calculate the mean and standard deviation of variables related to the characteristics of individuals and disease. Before analysing quantitative data, the normal distribution of data was assessed using KS test. The analysis was performed using Chi-square test for qualitative variables and T-test or variance analysis for quantitative variables. Similar nonparametric tests were used in the case of non-normal distribution. For all tests, a significant level of 0.05 was considered.

Results {#sec1-3}
=======

In this study, 150 patients with nasal septal deviation were enrolled who referred to the radiology section of Imam Ali Hospital in Zahedan for CT scan. Fifty patients (33.3%) had mild nasal septum deviation, followed by moderate nasal septum deviation (50%, 33.3%), and severe nasal septum deviation (50%, 33.3%).

The age of the patients was determined to be between 18-72 years with a mean and standard deviation of 39.6 ± 14.07 years ([Figure 1](#F1){ref-type="fig"}). Furthermore, 90 (60%) of the patients were male, and 60 (40%) were female. Also, *deviation* of *nasal septum* has been determined as to the right in 98 (65.3%) patients, and to the left in 52 (34.7%).

![Distribution of patients' age](OAMJMS-7-2452-g001){#F1}

The *ASD* in patients was between 23.5 to 4.5 degrees with a mean and standard deviation of 12.27 ± 5.39 degrees ([Figure 2](#F2){ref-type="fig"}).

![Distribution of the angle of the septal deviation (ASD) in patients](OAMJMS-7-2452-g002){#F2}

Our findings revealed that 146 (97.3%) patients had mastoid pneumatization and 4 (2.7%) had no mastoid pneumatization. Moreover, the direction of mastoid pneumatization was bilateral in 148 (98.7%), and two (1.7%) was unilateral. Additionally, 98 (65.3%) patients did not show chronic otitis media, and 52 (34.7%) revealed chronic otitis media.

Descriptive features and comparison of age, gender and direction of nasal septal deviation in 3 groups with the severity of nasal septal deviation are summarized in [Table 1](#T1){ref-type="table"}.

###### 

Descriptive characteristics and comparison of age, gender and direction of nasal septal deviation with the severity of nasal septal deviation

  Property                           Severity      P-Value                     
  ---------------------------------- ------------- ------------- ------------- -------
  Age (Year)                         42.28±13.58   39.44±11.41   37.08±16.78   0.289
  Standard deviation ± Mean                                                    
  Sex                                26(52 %)      30 (%60)      34((68 %      0.513
  Male                               24 (48 %)     20 (%40)      16((32 %      
  Female                                                                       
  Direction for deviation of nasal   (72 %)36      28 (%56)      34(%68)       0.465
  Right                              14(%28)       22(%44)                     
  Left                                                           16(%(32       

As indicated in [Table 1](#T1){ref-type="table"}, age, sex, and direction of deviation of the nasal septum in patients in 3 groups did not show a significant association with severity of nasal deviation (mild, moderate and severe), (P \< 0.05). The frequency of gender profiles in patients with nasal septum deviation and the frequency of deviation.

The occurrence of mastoid pneumatization in patients with a deviated septum {#sec2-2}
---------------------------------------------------------------------------

In order to compare the incidence of mastoid pneumatization in patients suffering from *deviated septum* with the severity of the nasal septal deviation, chi-square test was used ([Table 2](#T2){ref-type="table"}).

###### 

Frequency and comparison of the incidence of mastoid pneumatization with *septal deviation*

  Property                 The severity of nasal septal deviation               
  ------------------------ ---------------------------------------- ----------- ----------
  Mastoid pneumatization                                                        
  Yes                      50 (100%)                                50 (100%)   46 (92%)
  No                       0 (0%)                                   0 (0%)      4(8%)

Based on the results of [Table 2](#T2){ref-type="table"}, there was no significant difference between the incidences of mastoid pneumatization in the three groups with severity nasal septum deviation.

Frequency of chronic otitis media {#sec2-3}
---------------------------------

Chi-square test showed that the severity of septal deviation was significantly correlated with chronic otitis media in patients with nasal septum deviation (P \< 0.05, [Table 3](#T3){ref-type="table"}).

###### 

Comparison of chronic otitis media with nasal *septal deviation* in 3 groups

  Property         The severity of nasal septal deviation   Test statistic   P-Value           
  ---------------- ---------------------------------------- ---------------- ---------- ------ -------
  Chronic otitis                                                                        7/18   0/028
  No               42 (84%)                                 32 (64%)         24 (48%)          
  Yes              8 (16%)                                  18 (36%)         26 (52%)          

The difference in the volume of mastoid air cells on the side of the deviation and opposite side of patients {#sec2-4}
------------------------------------------------------------------------------------------------------------

Chi-square test showed that the volume of mastoid air cells in the side of the deviation and the opposite side had a significant relationship with the severity of nasal septal deviation (mild, moderate and severe) (P \< 0.05; [Table 4](#T4){ref-type="table"}). Therefore, it can be said that in patients with moderate and severe deviations, the volume of airborne mastoid cells on the side of the deviation is less than the opposite side.

###### 

Comparison of the differences in the volume of mastoid air cells on the side of the deviation and the opposite side with the severity of nasal *septal deviation*

  the volume of mastoid air cells                 The severity of nasal septal deviation   Test statistic   P-Value           
  ----------------------------------------------- ---------------------------------------- ---------------- ---------- ------ ------
                                                                                                                       6.98   0.03
  Side deviation is less than the opposite side   24 (48%)                                 38 (76%)         40 (80%)          
  Side deviation is more than the opposite side   26 (52%)                                 12 (24%)         10 (20%)          

Discussion {#sec1-4}
==========

Our study revealed that there was no correlation between the severity of nasal septum deviation and the occurrence of mastoid pneumatization in patients with nasal septum deviation. Furthermore, there was a relationship between the severity of nasal septal deviation and chronic otitis media. In patients with moderate and severe deviation of nasal septum, the volume of mastoid cells in the side of the deviation is less than the opposite side. Consistent with our findings, Kapusuz Gencer et al. reported that there is a relationship between nasal deviation on both sides and chronic otitis media \[[@ref4]\].

Chronic otitis exerted on the side with a deviation of septal nose. The results also showed that the mastoid air cell volumes tend to be larger at the contralateral side of the severe septum deviations \[[@ref4]\]. Lee et al. evaluated the association pf nasal septal deviation with the volume of mastoid air cell pneumatization is a pediatric subject. They indicated that mastoid air cell volume of the deviated side was smaller in comparison with contralateral side, indicating nasal septal deviation is capable of influencing both aerations \[[@ref15]\], this finding is in agreement with our results.

In a study by Raman et al., 2016, a significant correlation of septal spur with mastoiditis was found on the same side. Mastoiditis is significantly associated with sinonasal pathologies, and mastoiditis is linked to sinonasal pathologies, which this result was in line with our study \[[@ref17]\].

Other study indicated a moderate but remarkable negative association between the ASD and volumes of ethmoid cell. Ethmoid cell volume on the ipsilateral side tends to be reduced by increasing the degree of nasal septal deviation compared with the contralateral side \[[@ref18]\]. This can be due to the lack of development of the secondary mastoid air cells to the severe deviation of the nasal septum. Nasal septal deviation, concha bullosa, and Haller's cells do not show to play a key role in sinus's inferior pneumatization \[[@ref16]\], which was in line with our findings.

During the development of paranasal sinuses, there are two active pneumatizations, first between birth and age 4, and second between 8 and 12 years. The stages of growth are amid the two stages \[[@ref19]\]. Similar to the development of paranasal sinuses, the mastoid cell system has three stages. The first stage is rapid pneumatization during the first year of life, the second stage is linear pneumatization between 1 and 6 years old, and the third stage is a slow stage until puberty \[[@ref20]\].

Some researchers have reported the relationship between paranasal sinuses and mastoid and found that the development of the ethmoid, mastoid and sphenoid occurs at the age of 3 to 14 years \[[@ref21]\]. Another study indicated that maxillary sinus volumes increased in the contralateral side of the severe septum deviations. Furthermore, maxillary sinusitis on ipsilateral to the severe septum deviation has been found to be remarkably enhanced \[[@ref22]\]. CT scan is a gold standard for evaluating chronic sinusitis. Awareness of various anatomical deviations for surgeons and radiologists is essential to avoid possible complications and to improve the success of therapeutic strategies \[[@ref23]\]. In addition, CT scan images can be used to reconstruct the *axilla* designs for data collection. This method is quicker and less costly than the MRI, which provides more information about soft tissue than the bone. CT scans information is capable of showing more detail in the posterior sinuses \[24\]. One of the strengths of this study is to investigate the relationship between nasal septum deviation and mastoid pneumatization. However, a small number of similar studies have limited the possibility of comparing our study with other studies. Therefore, it is suggested that further studies be developed in the future. Finally, it seems that there was no relationship between the severity of the nasal deviation and the incidence of mastoid pneumatization based on CT scan in patients with nasal septum deviation.

There was a correlation between the severity of nasal deviation and chronic otitis media in these patients. In patients with moderate and severe deviation, the volume of mastoid cells in the side of the deviation is less than the opposite side. Therefore, it can be concluded that as the severity of septal deviation increases, the pneumatization of mastoid air cells showed decreasing trend. These air cells act on gas reserves so that the middle ear is less dependent on the eustachian tube to maintain a balance of pressure. Reducing their de*-airing* disturbs the ear mucus, and thus the affected ear becomes more susceptible to recurrent infections than the normal ear.

In conclusion, regarding the high prevalence of nasal septum deviations and its complications and sometimes the effects on the inner and outer ear and auditory nerves, more attention should be given to this issue. Based on the finding presented herein, increasing the severity of nasal septal deviation is capable of increasing the likelihood of chronic otitis at a higher deviation side. There is a significant relationship between the severity of nasal septum deviation and the development of chronic otitis media and the percentage of the mastoid pneumatization. Early surgical repair of nasal septal deviation can prevent chronic otitis and its many complications particularly in cases where the severity of this deviation is moderate to severe. A careful study of the severity of nasal septum deviation in PNS CT scans can help ENT specialists to decide for early surgical repair of nasal septum deviation and to prevent the onset of chronic otitis media and many other complications.
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